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SUIV]MARY

The stability of the Canyon Cove landslide has been in-
vestitai.a. A coirplete revieir of landslide data including
previSus mining, glology, grouldwager, rock mass strength ettd
seismic *.r *rEe." The-lauie of the landslide was evaluated and
tfr"-diipla".*"ni of portions of the hill,wqs -analyzed- in depth.
Stability "r,"iyr.t including tal a -landslide back-analysis, tbl

"" "nafylis of- future stability ald tcl a run-out analysis were
undertai.,en. A sunrnary of the Ltudy results is as follows:

I - The landsllde w111 llkely continue to dlsplace'

2 - 7t is estimated that catastroPhic failure has a

102 probabllity lf future groundwater conditions
'are simllar to those of the sprlng of 1983'

3 - It ls estirnted that substantial subdivislon
inpact has a probability of 5Z tt' groundwater
1eve1s dramatically rise above those expected'

4 - Adverse impact on the water storage tank is
estiutated to have a probability of less than
)lot

5 - Remedial stabillty iraprovenent measures could
be taken to reduce the impact probabillties
and Lncrease safetY.

1v
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I NTRODUCT I ON

An evaluation of the landslide adjacent to the canyon
cove ll2 subdivision, salt Lake cor-urty, utah is the subjLct ofthis report. The study was authorized and undertaken at the
request of Mr. Jay L. Murphy, wasatach Boulevard and canyon
Cove Company, Salt Lake City, Utah.

The canyon cove landslide was first noted in late April
1983 at the location shown in Fisure 1. Movernents of tha land-slide were measured and recorded-from April 29, 1983 to October
19, 1983. During that period a total of approximately L 314feet of displacement was determined to havl- taken place at a
Point in the central area of the slide. owing to a concern
lol _safety and property damage in the adjacent canyon cove ll2
Subdivision, Seegmiller International(SEEGMILLER) was retained
!y wasatch Boulevard and canyon cove company to assess thelandslide stability. cenrral to the queition of stability are
three items to be addressedl,

I - The limits of the run-out zone in the
event a slide should occur under circun-
stances similar to those that existed
during the spring of 1983.

2 - The limits of the run-out zone given the
lrorst case scenario and its probability
of occurring.

3 - The impact of each of the above events
on the water storage tank east of lots
301 and 302.

The sources of information used in the investigation have
been limited to surface reconnaissance, displacement data and
1 Blophysical study. No_subsur.f-a_e_e- exploration in the form of
drilling or displacement measures r.ras uniiertdken. Theiefor6',
!h. analyses -and conclusions should be regarded ,ag. pleli-ni_n?_ry,
in nature and not as the final word.

The report begins with an assessment'of all available land-
slide data. Next, the displacement monitoring is discussed and
displacement projections are made. A stability analysis is then
undertaken including a back-analysis and an analysis of future
movements. Pertinent conclusions complete the report. The
details of the geophysical investigation are appended.

<,
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LANDSLIDE DATA

Geome rn I c Dr scn t Pt t otl

Overuieu. The landslide measures approximately 1000 feet
horizontally in the north-south direction and approximately 800
feet horizontally from crest to toe. The elevation differences
from toe to crest varies from approximately 240 feet uP 9o- -alsfeec. Typically, the landslide- ione is on the order of 325 feet
trigh.

Displaeement Depth. The depth of- displacement or depth-of
broken rbck involved- in the landilide has been the subject of I
ipu"i"f geophysical study. Th9 geophysical_study-was conducted
by Cooksluy-GLophysics, -inc. of Redding, California during-
ll6.rerobet f-gg:. 'TLe study involved the use of a SgoPllysical
technique known as seismic refraction. Details of the sej-smic
method, its application and results, as apPligd -t9 the Canyon_-
Coru landslide, are presented in Appendix- I of this rePort' Th-e

results of the geophysical study inhicate that low velocity rock
units consistinf pb"iibly of slide debris and weathered and
i;;;ir;ed bedroEk'o,.y e*ist up to depths on the order of 100
feet.

Landslide Volume. For purPoses of the present-stu{Y1 it
will'be assumed that the ent:ire^ slide has a bepth of 100- feet' 

'

Such an assumption is on the conservative side as may be noted
bt examination of the cross section lines in the geo-physi"gl. i
iLp"rt. Using a 100 feer of depth and the limits-of the slide as i

deiroted by teision cracks, a volume of 1.4 ni11t.",,:.:l):_,Ttt"t"
was computed ,7 L 4/ t';

I rf = 0'ozq7 Y

PRrvtous MlHlrue

Mining of clay materials at the base of the landslide area'
in what is"generaliy referred to as the Clay Plt: has occurred
for some yelrs Past: The volume of clay ma-terials removed is
not knoltn'Precilely, but indications2 ale that the volume would
exceed sevlral hun-dreds of thousands of tons. Mining t{as 

"Td.1-taken3 with front-end loaders and no blasting was ever requrreo
or used.,
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GrouoeY RHo SrRucruRe

The geology of the_clay Pit and landslide area consists
of weak "t"t"i'i"a-"igif1iils. 

A hard, strong-quartzite' which
toeether with the slates .na-.tgillitei forur Ihe so-calledr Big
;;E;;;o.a-i.ti." of stratigrapf,ic gnits,- i-" located on the
iiJ*. "orrh oi-itt"-Clay Pit: i'ortions of the tension cracks
;;;";";"-rii.-q"iir"ixi' but, in general , _th"_guartzite -is o-ffering
end resEraint'and buttressing to the weak slates and. argillites '
itr. srratigraphic u-nits el1 ippear to gener.lly strike aPPr-ox-

iii...iy-N-70;'- 80" E and dip- lpproximitely 55o - 6q' N' No pre-
landslide "tor"".riti"g 

faulti, ilt se, werL observed, bgt displace-
ments have """"ii.a "iottg 

the'b;dding- in various areas in the
slares and arfiiiit... it," contacts between thg quartzites and

rhe slare-argiiii;;r-ao noi iftiys a.Pgat stratigiaphic and

"ii,r"crrral 
m6vements are suspectld in 'a nr.'gtber- of places ' Joint-

i"i-irr-ttt" "t;ii-liae.s and slites is not def inable, but at least
two seEs are observable in-ifre-quartzites. Y"joI sut-vertical
r;;"i;; cracks-outline the urajoi zone of landslide displacement'
In additio.r, 

-r"jor 
tension cricks cross the landslide near the

5400 foot .reriiion and essentially divide the moving mass into
upper and lower zones-

GnouruowRten

A spring exists at- the base of the landslide near the water
storale l".tt] -Other , although minor, water seePs and wet areas
i;-th;-slide zorre were notedl Such springs' seePs and wet areas
are indicati.r"-.i ""Ur"if"". gto.tttdwaler lressurization. The

;;"il-"i gtonndwater is not Ihe most important fg-c1or, but- rather
;i;;;;.""nii".lion which the. groundwater- is exerting uPon. the
;1;p;-;"ie=i"i". Based on th; site observations and previous
experience with groundwater-i; G;iaUle-sloP€s, it- is concluded
thar adverse iioi.tarater pressurization has- strongly affected
ih; stability of the general landslide area'

Rocr Frnss SrneHerH

The general strength of the near surface slate-argillite
materials-is rated as iery, very low. The fact that clay was

eF?^r... . F6 l\rt--r..n^rr^a
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mined at the site is indicative of weak' loy shear-resistant
materiaLs "*irli"g-"t--te 

base of the Landslide. such clayey
;;;;i;l; "if"i-ffttle 

resistance to sliding- and conmgnly ?te
associared wiih ;i;;;-f"itutes. Because such materials exist
at, rhe base "i--rtr.-iandslide, 

it_is very- 1ikely. that !h.y extend
inro and alonl ;i;; ;;;;i sheir-plane. . tne-seoplylical study
il;i";;ed velScity contrasts of- more than fourfold between

marerials d"";;;;i"a-;iia; debris and harder, stronger bedrock'
wlren all avaiiXute data is considered, the landslide mass must

;;-;r;;rr*"a i;--"o""irt almost totally of very weak, broken
;1"'r;:;igirlii. *it.rials wirh higher- than average clay content'
Some of the h;;d"i-q.t"ttzltes aloig the northern landslide
boundary t,ave-;;;; d:.spt"""d-and f[rn a Portion of the landslide
mass., However, these quartzites are minbr in extent and aTe

believed ro ;;i";tit-piovid- iome shearing restraint and bu.tres-
sing

Stopr INstRetttrv CRuses

Direet Causee. The slope failure, or landslide' apParet'fl.yt
'firsr"ri;;;; sometime i" epiii-l?q1, bgt tended to stabilrze wich
most movenent ceasing by iuly f983. Based on the various land-
slide data, visual ""*bti."'oi-thi.h 

are Presented in Figures 2

and 3, the ranastiae was r-i.i"rr of " tumLer of factors. Grquqd-

liater -is -beli..t"a to be Ehe-*o't iSrPortant- -ol-- thgq-e--19-c-!-org and.

ir was probabty lhe trigg;iili-;.tanism. - Th; ftCe-that the major

movemenc occuried in ttt" _..ifi -tpli"g of 1983, when groundwater 
.

levels and "iti"".-itt"oif 
-*.i6 u'"rieied- higher :l3T usual ' and the

fact that gro""at.t"t stilI exists in the instability area are
;;;;";"".r:.8""." that it "-i"irry 

triggered the movement' The

exiS_rgnce-o-r--Ehe--qining .-.pS'..ii,n=is-l|f s-o -a-majo5. -f-accor in-Ehe
cause of rhe iiope insta!-iilft..- th-e f;;t that-thi. ilain tension
;;ffi l;-i;""eai3rit"t1y-i;:6;9t=or :h" clav Pit .aiea' and-Eppiox-
iEat-eLy__pa5g!_els..rhe. g"r,.iit-"tt.p. qi- the mining zor.e, j-5-strorlg-
ivi-dence ro suggesr tnatr ;h;-";;iit i" undergoing-a stres: r-eadjust-
il;;:tttitr!-n".E5n"i*""t r:g il- response to the lcreation of the
Ail;'pit'';*a=ih6 -iaro""r --5f -foE-"itppott -mateiial 

s . Anothdr
;;:t";-i"afr"it'Iua-El"rogic srrara are orienred such that sliding
could occur, Et least itt'p.tt,-.io"g weak bedding-planes in slate-
argillite oti tt. south si'de of the ioving zone: &rttrer'- the
seneral rock mass "tt.r,grh-i" 

such tt.i i iairly w-eatc hillside .,/
iff ; i] i rj,- Ixi s t e a. -Ihe -;;"f-t" " " 

-*" s - f orce&-inio --s tre s s --dL s -.

?$*Ti I., S : 
;;B:: * " ii *" :*1.'* t' : :;'n Eof, I 

nt? i[ A : : l "Er-e 

e s-q.r i z 3 :

initiaL Miich L983 movenent'
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SeiamieFactora.TheCanyonCoveareat€S.wellesthe
entire wasatch Front, is ,"t.fa--"r-" zoae 3 seismic coefficient
area. Such a rating is sirniiar to the ttiittg given-the coastal
portions of C"fiioiii" and is the highest seismic coefficient
"r;;i;;'^.ull i;-;;;a- i'' ttt" u.s.a. sfiould an earthquake of large
Richter magniiud"-o"".r. in tt.'S"ft-Lake Cougty area' it would
orobably have an adverse eti"ct on the stability qf the Canyon

6;;;=i;ia"iii.. Howev"., ii-"uch a la1qe magnitu-de earthqtake
did occur, ir is 1ike1y th;l tf-,"--ti.Uillty-oF many areas adjacent
ro rhe Wasatch Front would U"-.a""is9ly eifected'- The existing
Canyon Cove landslide is noi-Ueiieved to have been affected by

any receng seismic events';;"1;aing-the Richter magnitude 4'25
earrhquate wtrilii-""""it"a i"-o;t;bEt 8, 1983' ThaE earthquake'
which had its epicenter "ppto*it.l"ty 

two miles south of the
Salt Lake International Ai;;;;;;-was' the largesET.magnitude
earrhquake t;-;;;;; in Utah'i"-iggg. A site-visit to the Canyon

Cove area "nU"!qiJ"t-io 
iil; o"t"U"i g, fiSf event did not reveal

"ry obvious "iii"t" relative to slope displacement'

DI SPLACEI1ENT MON ITORI NG

Ovenv I ew

Followingthediscoveryofthe.CanyonCove^landslideby
the u.s.D.A. Forest service on or about April 28, 1983, the
Engineering Di;i;i;n of ttre iuUfic Works bepartment of Salt Lake

Co'nty began surveyin-g 3. ""ti"t 
of some sixleen points in and

adjacenr ro ttt"-in;taSiriti-"iea, Tn. locations- of these points
are as shown in Figure 4. 'Th" first ""itt.y 

data^were collected
on April Zg, fg3l-]rd the 1;;t t"t. oUt"ittla on October 19' 1983'

cummulatir:e DispLaeement The salt Lake coullly-surv-ey {t!t'
were made available Fo Sseiliilrn- in late 1{ugust 199: ' The data

\rere analyzed-""a-it-t"t d;;;;i;ea t|1p the point showing the
largest amount-of rnovenent ;;"-Foi"t "B;. In'landslide displace-.
ment monitoring, the point, tiio*i"g the greatest movement is generally
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the most likely point to first catastrophi-cally^displace.
Therefore, Poiirt- "8" was selected for fu{ther displacement
anifysis.' The survey da!a-, when received-, consiste{ of t11
horflontaf east-west-, 121 horizontal north-south and [3] vertical
ai"pf"".ment values. ihese data \tere then combined to determine
an bverall displacement magnitude and displacement vector or
direction. ThL overall diEplacement magnitude was approximalely
i.Oi-i.ut for itt" L73 days iuring which-Salt Lake County performed
displacement monitoringt _The direction of overall movement was
s tt+.do w at an angle 5f 15.9o below horizontal. The disglace-
ment masnitudes seive as a measurement of the stability of a-
f""arfiE" and, as such, they are typicalll Plotted for visual
analysis. A corsnon ureihod ior plotting the data is to plot cuT-
nutaiive displacement versus tine. Foi Point IBrr such a p19! is
shown in Figure 5. The total cr.rrrnulative displa9eTelt mqgnitucle
i; L.ll feeE and represents the sumation of bach individual move-
ment occurring betwlen surveying 4ates. 9yilg t9 the'fact that
such movements were not each- in-the overall displacement direction,
their surunation is L.77 feeE which is greater than the overall
aUsofrrte displacement frorn the f irst survey date -to the last survey
date of 1.61'feet. In other words the shortest distance between
two points is a straight line and that is less than a cummulative
airt!.r." of many inteimediate points, which do not lie on the
siiaight line. -The plot shown-in Figure 5 indicates that movement
of pofnt "8" has been dramatically lEssening since late June 1983
and has shown very little movement from late August 1983 to late
October 1983.

Veloclty. Another nethod of ascertaining.the stability of
a landslide is to plot velocity versus time and visuSlly.assess
the results. Such' a plot has teen made for Point rrBrr and is
pi...nted in Figure 6'. 4t_g"y be notel, the velogity Yas.quite'i,ti"ii" until lite June 1983.- Since that time, the velocity-h1"
i"".i"tty i"i."ned and \tas very close to zero during the period
August L9 - October 19, 1983.

Dt spucemenr PRouecrtons

present Statue. Based on the displacement data plotted in
Fieures 5 and 6 and assroing that Point rrBtr is a rePresentative
poltrt iot the entire landsllde, it would n_ot appear-that any
id.terse movements are occurring as of October 19, 1983. The cum-
mulitive displacement has levelled to a degree that indicates
continued stlbility. The veLocity has setiled down and no erratic
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movements have recently occurred. There is good reason to
foresee continued stability, if all adverse factors relating
to movement do not change.

Euture Diaplaeementa. Potential future movements should
be .ttli..f y a ilnction of the gro'ndwSter-Pressu-rization, -Should
i!g_pr.ssu?ization remain at similar 1evels to those existing
i"rfitg-July - October, 1983 little or no further movement.i". ,

iik;I;. Sirould the pregsurization increase to levels similar to
thoie'presunea to haie ijccurred during April .-. Y"y, 1,98.3.1 add-_ t,"

tional movement and a velocity increAse is highly Probable'
Stro"fa the pressurization inclease to levels significantly-higher
;h; rhose brriittg the spring of 1983, catastrophic landslide
failure may become highly probable.

STABILITY ANALYSIS

PnrsEnr FRt lunr Bncr-AilnuYsts

Failure Mode. The Canyon Cove landslide is characterLzed
by numerous crown tension ciacks, but little evidence of toe dis-
pi.".r""t. r;;ih";; ih. landslide mass aPPears to be composed of
weak, broken i""t-"tta soil with little intbgricy a: a mass' Such

characterisgics are conmon for a rotational-shear failure having
a main basal "tr".r-surface 

as well as other internal shear surfaces '

Analgsie Methods. In order to complete.a.back-analysis of
the exist,ing fa"asfiae and determine the pos:ible characteristics
at the time of failure, 3D analysis methob, -based on. the failure
roa.l-r*t"i-b" selected. ft" anilysis method that ryill be used
for itr" Canyon-Co"" iandslide is ft.nown as the Hoeke method. The
method is r"tati.t.iy straightforward,,requires a minimr.rm of assumP-
iiotr" and is iairly'easy f5r a trained person to use- The basic
oremise of the rnetfrod i; that the forcei tending to cause failure
i;;-;i";; ;;; U"i""."a-Ui ttre forces tending t6 resist failure at

"--""t.iy^i".tor 
of 1.00. -If the safety factor is greater than 1.00,

itt" slole is not failing. In most civil construction Pt-oji"t.:_1
safery iactor of 1.50 i; the rnininum acceptable safety f":!":-l:t
nro."Ldine with constructlon. If the safety factor is less than
i:00,-;rr""=iop; i; i;iiilA or will probably- fail during construction'
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' Analyeis Reeulte. For purposes of the back-analysis it
will be assumed that the cross section shown in Figure 3 is
a typical cross section for the landslide. Other assr:mptions
at the time of initial failure in the spring of 1983 include
t11 a groundwater condition approximately equivalent to being
half-saturated, I2l a material unit weight of 155 pcf and t3l a
sEfety factor of 1.00. Using these assumptions in the Hoek
method would a1low the reLationship of rock mass shear strength
in terms of sliding friction angle and cohesion shown in Figure
7 to be constructed. For the Canyon Cove landslide the values
of sliding friction angle(0) and cohesion(C), most nearly char-
acteristie of the basal shear pLane, are believed to be 0 = 25o
and C - 2700 psf . These shear strength values may no!.r be used
to further investigate the landslide for stability under other
groundvrater pressurization conditions. A sunnnary of safety factor
magnitudes for various groundwater pressurization conditions for
the landslide is shorrn in Figure 8. This figure dramatically
illustrates the lessening of the safety factor that may be ex-
pected as the groundwater Pressurization increases to a point t tr,
near or at full saturation. The landslide is estimated to have F9&'.'*
a safety factor of L.24 under the best conditions when it would 'r:.,::'
be err"ntially dry. !i1de-r the worst conditions of full saturation '6!,okr"U'

the safety factor could theoretically drop to as low as 0.87. It
should be understood that when the safety factor drops slightly
below a value of 1.00, the landslide theoretically begins to move.
It will continue to move as long as the pressurization level
remains constant. An increase in the pressurization level will
cause the landslide to move with increased velocity. Should the
pressurization 1evel rapidly increase in a very short time, the
landslide could catastrophically fail. If the pressurization
Ievel were to dramatically increase to fu11 saturation or nearly
full saturation in a matter of hours, the landslide could become
fully water mobilized and effectively turn into a mudslide. Such
complete saturation may only occur during an intense rainstorm
such as during a rainstorm with a probable maximr:m o_f ten inches
in six hours. Such a probable maximum is the ratindo by the U. S.
Bureau for the Wasatch Front area. The one percent probability
six hour rainfall for the Wasatch Front area is 2.5 inches.

Furunr INsrnslLtrv

Grounduater - Sini,Lar to Spring 1983. Should groundwater
conditions similar to those which prevailed during the spring
of 1983 again occur in the Canyon Cove landslide, turther slope
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displacements are expected. The additional movements will prob-
ably be at least as great as those experienced during 1983 and
quite possibly.exceed an additional two feet. The velocities
are expected to again become erratic and show signs of great
instability. Catastrophic failure may o

Grounduater - l{otst Seenario. Unde
the groundwater pressurization would inc
would greatly magnify and ultimately cat
landslide would occur. The ltorst scenar
that the groundwater pressurization coul
landslide mass could be saturated and a'
or mudslide could occur.

Run-1ut AnaLg sis: Typi.eal Landsli.d'
a catastrophic landslide failure could or
as to how far in front of the toe of the
ing material could reach. To estimate tl
maEs, the concepts of Scheidegger rr and (

These concepts pertain to the actual run-
waste rock dumps that have been documente
natural slopes the run-out angle is a fur
landslide in terms of volume.- The run-out angle is defined as
the angle below horizontal that the landslide will reach when
measured at the breakaway point as shown in Figure 9. The volume
of the Canyon Cove landslide was computed to -be approximately
1.4 million cubic meters and using the Scheidegger criteria, a
mean run-out angle of approximately 25o was determined. The ! !

standard deviation of the run-out angle was determined to be
approximately *5". Assuming that the run-out ang19 values are
piit of a normal statistical distribution, the probability of _--'
irot exceeding any particular run-out linit may be determined. .i
For a 902 probability the run-out angle is determined to be grgater
than approicinaEely 1-9'. For a 952 piobability the run-out angle-
will bL-greater tiran L7". In other words, three run-out Pagnitudes
have been established. First, the most probable run-out lirnit is
25". Secondly, there is a 902 probability that, if a landslide
occurs, the run-out angle will be greater than 19o. Thirdly'
given the fact that a landslide does occur, there is a 95.2 PrgP- -IUitity that the run-out limit will occur within a zone described
by a L7" run-out angle. These magnitudes may be used to estimate
the limits that the Canyon Cove landslide will reach should it
fail. It should be noted that the concepts used to produce these
run-out limits assune a landslide that is not \tater mobilized.
It is tacitly assumed that the landslide will be induced by
groundwater pressurization, buE that the groundwater levels will
iot be so hilh that compleie slope saturaEion aqd mudflow co4- -aiiions-pre"Eif . The e'stimated ir:n-out limits for the most likely

ir I
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conditions and the 907 and 952 probabtlity conditions are shown
in Figure 10. If greater probabilities are examined, the limits
increase in t!t" general southsrest direction. These limits may
be taken as the run-out limits for a slide occurring r:nder ciicum-
stances similar to those that existed during the spring of 1983.
The impact of this event on the rrater storage tank east of lots
301 and 302 nay not be too bad because the tank is toward the
side of the main run-out zor1e. The probability of the run-out
area extending to the edge of the tank is estimated to be approx-
imately 202. However, the forces involved in landslides arL
known to be large and the exacE linits of the run-out zone are
not always predictable. Therefore, a cautious approach is rec-
onrnended.

Run-?ut Analyeie: l,tud,alide. Should the groundwater pres-
surization increase dramatically in a very short period of time,
such as a few hours, the Canyon Cove landslide could become
totally water ncbilized and fail as a mudflow or mudslide. The
criteria for determining the run-out limits has not been well-
established by past mudslide documentation. However, an empir-
ical methodl3 r^rhich states that the downslope impact area Lxtends
a distance equal to the height of the slope ior eich'52 natural
ground slope below the toe, could be used. This criteria was
developed for mine waste embankments, and as such, Day not be
totally applicable to the Canyon Cove landslide. However, such
a criteria could give an indication of the worst condition that
might prevail if the landslide became a mudslide. Applying the
empirical criteria to the Canyon Cove landslide yielili the-prob-
able impact limit shown in Figure 11. This impact limit may be
treated as the most probable limit of the run-out zone given
the worst case scenario. The impact on the water storage tank
east of lots 301 and 302 can only be estimated. Mudflows tend
to move around stiff objects as opposed to pushing them forward.
Owing to the fact that the tank is on the norrh edge of the
landslide and the central mudflow impact area, it is not expected
to be moved from its foundation. However, ds has been previously
stated, such events are difficult to predict and caution should
be exercised.

Probability of Futune Eoents. The run-out analyses have
established the limits at which various landslide/mudslide events
may occur. The probable limits assume that such events will occur.
The probabilities stated are not probabilities of actually hap-
pening, they are probabilities of what the limits will be if they
do happen. The probabilities of what will actually happen may
only be estimated based on past data and experience. For the
Canyon Cove landslide it is estimated that rhere is a 50-757
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f ir'ir
chance that the groundwater conditions rrilL again reach the
Dressurization lEvels in thg-"pii"g oi 1984 that they did during the

$;il;'"ilieAl. Conse-qtt.ttiiy,'theie would be an estimated prob-
ability ot ,rp-io 1Si ttiat ittl'slide will again displace as it
has done previously. On _the-other hand, iE is-estimated that
rhere is onry-l-Iai- prouauiriii-it"r tr,i randslide will.displace
carasrrophically. fhe- prob"Uiiity that the landslide will become

a mudslide and reach ttr. pi"j."i.h impact limits is estimated to
be on the order of 57.

CONCLUS I ONS

Based on the available stability data and the analyses. - .

conducted, the following "i" 
concludld relative to the stability

of the CanYon Cove landslide:

1 - The landslide wil-1 likely displace.as ground-
wacer Pressuri-zation increases during the
sring of 1984 

r

2 - The probability of a catastrophic. failure . .-"
occuiri"g ii eltinated to be bn the order
of 102 uider similar weather c,onditions as

itto".'-ttti.tt-pi.t"if"a during the spring of
1983.

3 - Should groundwater levels dramatically lise lil'
U.y""a Et. exPectel -Ievels, the -Canyon Cove '

12 Subdivision could b;-ilp""i"a "rr!rtantially,but such Gpacting is estimated to have only
approximatelY a 52 ProbabilitY'

4 The impact of slope -failure on the water
storage tank-east'of lots 301 and 302 could
be adier""--"rra- ""rtr. 

it to displace from its
foundation. However, the probibillty qf such
an event,--undei conditions prevailing during
itr. spring-oi-igag, is a function of the prob-
.iifiiy oi " catastroPhiq slope failure
(estimated io-Ue 102) and th-e- prob.ability of 

-

the run-out limit reaching the tank(estimated

/(.
l;/
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to be 207,). Therefore, it would appear that
adverse impact of a landslide on the water
storage tank may only be on the order of 22.
llnder the worst case scenario the probability
is still estimated to be less than 52.

5 - Remedial stability irnprovement measures may
be taken to lessen the impact probabilities
and ensure greater safety to people and
property.

,r-,rl i"{h'
(^ tt ' 
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ENGINEERINC GEOPITYSICAL INVESTICATION
6;:ijBsunrece cEoLoclc coNDlrloNs
Ar n sLoPE FAILURE slrE
;;oni rHe cANYoN covE DlsrRlcr
NeAn sALT LAKE clTY' urAtl

furl I

prerN
INTRODUCT ION

Thisreportconcernsanengineeringggqphysica|investigation-ofas|ope
failure situated iUoru the slte oJ a're"sideniral -developmJnt' 

This study

consisted of executing two 1 ,OO6-fooi long refraction seismic lines over

the site as snown oi prate t, -s"ir*ic fine Location M?p' The field

work was condr.i"o-o'' Not'"*6" as computed

the two weeks following'

This investigation was executed at the request of seegmiller

lnternational , s;ii Lake citv, -uian, for the purPose of helping to

define suUsurfaie rock units at the site. Two parameters were

measured. The first, seismic vetocity, las used to tentatively identify

the various soii "nO 
rock units 'and to assess their respective

engineeri.tg pro-i",ti"t' .fne s"io"O' depth' -*as measured in order to

determine the configuration "i- in"' iofrt.6"t contact and to define

abnormally thick 
-zon-es of lowlv'efo.ity material which might be recent

slide dePosit-

The nature of the stide debris at this site had an unusually strong

adverse affect on the propog-"tiln-of 
-seismic 

waves and thus resulted in

some difficutty i" if," i'eOlc[ion-"nO .otputing of the 9"!"' .Because of

this difficutty, 
--ir," 

data ana 
"in{eipietJtion'presented herein must be

reqarded as subiect to some- siinifiiant inaccuracy' but.atso adequately

refresenting th-d-nature and .J.iigr."ti"l :I the'geologic units for the

purpose of at. least a g"n"r"i-'oi-p.reliminary ass-essmlnt of the slope

stabilty .o.oiiio,ir. 
- ]i it' 1l becfOeO to proceed with further

investigation, in" ,eirtic data gittrering process'can be improved from

;hJ wis learned in thls Investigation'

Thls study indlcates that there exist a potential for fairly deep-seated "

slope fallure .i'if," ""Ui".t .site. Furthei te-sting ls needed to ascertaln

whether and when this poteniiar 
'niJ or wlll iesolve Into a landsllde

which wlll cause damage'

-t-



DATA ACQUISITION

Data acquisition and recording was carried out uslng a Geometrlcs ES

t2l0 engineering t"ittnogtaph.- This unit recorded twelve (t2) channels

of seismlc data on a paper record. Timing for the Es 1210 ls

eiu.iior,i.ally cohtrolled within the instrument.

Seismlc vibrations were produceC by detonatinq charges of dynamite. In

shot holes tocatcd at points ;";; the .s,rtiey tin-e. Timi of shot

information was 
-pio.riaeb by a- iriiger .c.ircu.it in the shot detonator'

Detection of the seismic waves-*"s -frov.ided by sersmometer.s located at

iO-i.ri-intervali o"-tft" surface along--the. survey line' . Seismic sensor

locations are piotted on the tut,r"y -lin" location maP Included In this

report,

DATA ANALYSIS

The fleld records were inspected and the times of the first arrival of

the refracted seismlc waves at each sensor were recorded' The data

was then plofted on a time-distance graph. Velocities along the

lowermost layer on each traverse were computed $l averaging .!hu
incremental travel times between individual sensors of waves traveling
in opposite direitions. A form of delay time, raY path analysis was

used io .otprte depth of discontinuities'

INTERPRETATIONS

ln this refraction seismic investigation,.the subsurface is mapp-ed in

llr"ll'-"t' ":ilit "!49. A ""roiity uhi.t '.r a.^thre_e;_{T:l:l:"ll^,y:i:
;TH'"buffiii.'p.op";i;;l.and9"n'ilYl,.P,l"?=::::,'-".'::j"
;:';'J;'";; .i,""."t1"ristic verocity or il " characteristrc vetoctty range.

.tt E-ai.Xl";;;' Jn"*"i"Liity is p..runi within a..eeotost::J l":l-,yllll. :::l
;'"i=;?'JJin"rj""g-'Jr ;;r:'li-l.""i"iins wiinin i siven rock unlt could

constltute an addilional velocity unit'

conversely, when two rock units propagate seismlc waves at the same

velocity and are adjacent to each-oin"i,6oth unlts would be part of the

same velocity unit. An "*rtil" of this is probably where moderately

consolidated sf ide debrls and'-lntensely weathered iock constltute the

2.S fpms to 3.5 fpmg ',ruio.ity 'unit. 
. The followlng geologlc

interpretations ;;; o6tained 
- iioni the seismlc refraction sections

"..ot[p""ying 
this report. (See Plates 2 and 3')

The scope of this study did not inctude any detailed geolog-ic mapplng,

photo interpretations or an i"-a"pttt fiefd study of petrology and

stratlgraphy oi-in" slte. tnteipreiatlons -are 
basid upon the selsmlc

data acquired and information fr6vioed by Seegmilter International'

-2-



At|eastsixrocktypesare.identifiab|e,inanengineeringsense'from
iir;';;i;ii ,ruro.itv'iata' These are as follows:

In tlre interpretation of seismic data'
;;";;t";;e. 'Ttre contact between soil

;;';'i"itti" Profile as an abruPt 
-

i""rfoi. ."ntn.t is often a gradational

the geological setting E of. T.aiot

""a 
iocf.ltrata is ldeally defined

.trtno" In velocities. ActuallY a

ir,"tig" in PhYsical ProPertles'

lnferred Geologic Unit

Unconsotidated surficial deposit
anJ-stide debris' might include
intenselY weathered bedroct<'

Poorlv consolidated surficial
O"poiit and slide debris, might
include intenselY weathered
bedrock.

tntenselY weathered and
fiacture'd bedrock, ProbablY
includes some moderatelY
consolidated slide debris'

ModeratelY weathered and
fractured-bedrock, the lower 

-

velocities denoting rock material
which might be degrading to
slide debris.

ModeratelY degraded bedrock'
piobably causEd bY fracturing
and shearing.

Massive bedrock consisting
t"infv of slate, argillite and
.r.it'tito of the eig Cottonwood
deries of late Precambrian age'

Scismic
VelocitY*

1.0 - 1.5

1.5 - 2.5

2.5 - 3.5

3.5 - 6.25

6.25 - I .5

Thickness**

0-40

0-65

0 - 100+

0 - 100+

]*

]*

r in fpms
*t in feet.

8.5 - 22.2

(feet per mlllisecond)'

Table l. Tabulation correlating
geologlc conditions'

the seismic measurements with inferred

-3-



As shown on the table above, the unstable rock and soil mass at the

site ls subdivided into two zones, Zone I and Zone ll' Zone I is

;;;;"JE tnu-totr stable. b;t"d p-artly.comprlsed of soll and rock

which has moved since rast winierl Zone -l^ 
grides both vertically- and

horizontaly into-t# ;;.; staUle ione ll. (SJe Plates tl througlr 7')

One unexpected observation from the seismic sections is that the

vetocities measured In Zone li 
-tenJs to be qreater In the downhlll

dlrectlon then In the sldehlli- Oirection. Tw5 reasons for thls are

offered as follows:

I ) The lower vetocity in the side hill dlrectlon ls related to east-
strikiif-iurfi "t'a 

ft".tures and is not affected by slope

faiture] This would indicate that Zone ll might not be

moving-

2l A significant component of movement In Zone ll tends to be In
the sidehill direction.

CON CLUS I ONS

Generally, the seismic data indicates the foltowing features in this area:

I ) There exists a mantle of low vetocity soil and rock units
u*.""-Oinf-i00 feet in thickness over the slate, argillite and
quartzite"bedrock of the Big cottonwood series.

2' At the least, there have been shaltow slides moving in the
area during the past several months'

3) There exists in Zone la rather significant potential for slope

failure to depths ranging from a fEw feet to slxty (60) feet'

tt) Although Zone ll is more stabte than Zone l, its potential for
slope fiilure cannot be evaluated with the present data'

-rt-


